Abstract. The article describes the search for optimal geometric parameters of the betatron injector. First of all, we determine parameters that influence the injection efficiency. Next, we introduce the coefficient that directly connects the geometric parameters of the injector with capture efficiency. The computer model of the betatron injector is recreated. In the injector region, there are forces that are equal in magnitude and direction to forces in a real betatron. We simulate different parameter combinations. After processing the results, tolerances are obtained for the selected parameters. The results of this work can be used as recommendations for the development of design documentation for new three-electrode injectors for betatrons. The research method can be used to study the efficiency of other injector designs, as well as to search for new design alternate.
Introduction
The injector is the key betatron component. Injector parameters determine the maximum number of electrons that can be captured by the magnetic field of a betatron. However, the optimal geometric parameters of an injector have not been defined up to the present day. The manufacturing tolerance of these parameters is still undefined either. From the large number of electrons emitted by a cathode injector, only a small percent is captured by the accelerating field. There are many reasons behind this phenomenon that are confirmed experimentally. These include the following:
• Insufficient injection energy;
• Low electron space-charge density;
• Low synchronization accuracy between the injection and accelerating flux;
• Insufficient stability of the voltage pulse generation;
• Non-optimal geometry and relative position of electrodes [1] [2] [3] [4] [5] . This research work considers how geometrical parameters of the injector affect the coefficient of its current transmission.
The active part of the capture process takes approximately one microsecond. During this period of time, the initial electron velocity (injection voltage) is adjusted to the magnetic field magnitude. Meanwhile, (4…5) •10 12 electrons are injected into the interpole space. A betatron only captures (1…1.5) •10 10 particles, in other words, one electron out of 300...500. The ratio of the captured electrons to the injected ones is capture efficiency [6] [7] [8] .
Materials and methods
Betatron electromagnet has an annular gap and is supplied with an alternating current. The accelerating chamber is set in the annular gap. The chamber has a high vacuum (10-6 mm. Hg. Art.) inside. The injector is mounted in one of the accelerating chamber nipples. Figure 1 shows the image of the injector and its geometrical parameters. The parameter a determines the electrical injector stability and shows the distance between the center of the top plate of the focusing electrode and the anode.
The parameter e shows the distance between the focusing electrode and the anode gap. The parameter f (not shown in the figure) is called misalignment and is defined as follows. Through the middle of the focusing electrode a projection extends perpendicular to the gap line. Next, we measure the distance from the line to gap edges x and y, and calculate the misalignment f according to formula (1) . The displacement to the betatron center is positive.
The angle of the focusing electrode against the anode φ is the angle between the top of the anode and the focusing electrode plate. A counterclockwise rotation is positive.
The parameter t is the anode gap width. Electrons leave the injector through it.
The parameters h and g determine the width and height of the focusing electrode, respectively. It is also necessary to take into account the horizontal sH and vertical sV displacement of cathode relative to the focusing electrode center. Of particular importance is the parameter d that describes the cathode diameter.
The dependence of the coefficient of the current transmission on the geometric parameters of the injector is determined by multi-objective optimization. To do this, we set the values of all the parameters to certain (factory) values, then we change only one of them and observe how it affects the result.
Currently, there are several theories that describe the electron capture mechanism in acceleration. However, they only give a qualitative description. So, now it is not possible to create an analytic model to directly connect the geometric parameters of the injector with capture efficiency. However, there is a parameter that can be included in the analytic model to make capture efficiency easy to measure. This is called the coefficient of the current transmission of the injector.
MATEC Web of Conferences
As be seen from the formula (2), the maximum injector efficiency is achieved when the coefficient of the current transmission equals. Based on this statement, the main purpose of this study is to define tolerances of the injector parameters, at which the value tends to 1 [9] .
In this case, the current transmission coefficient is the ratio of the total charge of the electrons emerging from the injector to the total charge of the electrons that overcome the accelerating gap of the injector, some of which face the anode.
where --is the total charge of the electrons that overcome the accelerating gap of the injector, К -is the total charge of the electrons emerging from the injector.
Results and discussion
Inside the injector, an electron moves under the influence of the electrostatic field and the magnetic field. The magnetic field shifts an electron to the equilibrium orbit. The intensity of the electrostatic field E at any point is a physical quantity defined by the force acting on a charge placed at that point of the field. Intensity E coincides with the direction of the force acting on the charge. Figure 2 shows the electric field potential in the central section of the injector.
Fig. 2. Equipotential lines of the electric field.
At the injection moment, contractor biases the magnetic field in such a way as to dislocate the equilibrium orbit close to injector. It allows avoiding significant radial oscillation at the acceleration beginning. There is an empirical formula (4) for the calculation of the magnetic induction at the any radius of interpolar space. It allows calculating the required induction of the magnetic field to hold the electrons of certain energy [10] . The next step is to simulate the motion of a charged particle in an electromagnetic field. Modeling is based on the calculation results of the magnetic and electric fields. The calculation is only possible after the imposition of boundary conditions on the task. It is important to note that the problem has a number of assumptions and simplifications. First, the electron injection is carried out at a thermionic emission cathode with heating. The average energy of the electrons leaving the metal surface with a thermionic emission ETE = 0.17 eV. Second, the electrons can leave the cathode surface in any direction. We set the initial velocity vector directed normal to the surface of the cathode. Third, at this stage of the work, we do not take into account the Coulomb interaction of the electrons with each other because of low charge density.
Certain electron portion falls onto focusing electrode or anode (Figure 3 ). It means so geometrical parameters of the injector exist that each or the most electrons is able to leave the injector. The determination of such a configuration makes it possible to increase the number of successfully injected electrons and the effective cathode area. 
Conclusion
In this study, we have identified the most important parameters, which have an effect on electron injection. A computer model is used to simulate some of the processes inside the injector. The paper has shown how the geometrical parameters of the injector affect the coefficient of the current transmission. We have also calculated the optimal values of these parameters and assigned the appropriate tolerances to them. This set of parameters allows us to obtain an injector whose current transmission will always be KT≥0.9. The results of this work can be used as recommendations for the development of design documentation for new three-electrode injectors for betatrons. The research method can be used to study the efficiency of other injector designs, as well as to search for new design alternate.
